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Supplementary Text 

Supplementary Text 1. Papuans introduced Denisovan ancestry into Remote Oceania 

 Papuan populations have the largest proportion of Denisovan ancestry of any studied 

human population (1), and the introgression of this ancestry is estimated to have occurred 

approximately 44,000 years ago (2). Therefore, we hypothesize that it is likely that Papuan 

admixture introduced Denisovan haplotypes into Samoans and other Austronesian groups (3). 

Due to the recent divergence between East Asian and Austronesian populations, and the low 

level of Denisovan ancestry in East Asian populations (1, 4, 5), we utilize the Han Chinese in our 

D statistic (i.e. D(Chimpanzee,Denisovan;Han,X)) as the alternative population to test for the 

presence of Denisovan ancestry in Samoa. Therefore, any tests identifying a Denisovan 

admixture signal indicate the gene flow occurred after the divergence of East Asians and 

Austronesians (Figure 2). In support of our hypothesis, we find a strong correlation between an 

Austronesian individual’s Papuan ancestry proportion and their D-statistic test for Denisovan 

ancestry, after controlling for Neanderthal ancestry (PDen < 2x10-16, βDen=18.654, Figure 2). 

However, we find no corresponding correlation with Neanderthal ancestry (PNea = 0.981). These 

results suggest that the Denisovan ancestry in Samoans and other Austronesians arrived through 

Papuan admixture in Oceania, which is consistent with Reich, et al. (3), and might even be 

impacting Austronesian phenotypes. Due to the large sample size of our Samoan dataset and 

their extensive phenotypic profiles (6), these Samoan individuals represent an excellent cohort to 

further study Denisovan admixture and its potential impact on modern human phenotypes (7). 
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Supplementary Text 2. Greater Admixture and Genetic Diversity in Urban Regions 

 The large sample size and dense geographic sampling of Samoans in this study gives us 

the statistical power to examine differences in the admixture histories between the two main 

Samoan islands. We find that the AUA census region has the greatest amount of admixture from 

non-Samoan sources, followed by NWU, ROU, and SAV (Figure S8), and is consistent with the 

urban regions (AUA and NWU) being the main locations of European and East Asian migration 

and introgression (8, 9). Furthermore, this pattern of greater admixture in urban areas is observed 

in other global areas with histories of European colonization (10). Interestingly, the NWU region 

has the most East Asian admixture while AUA has the most European and African ancestry 

(Figure S8).  

 The average number of heterozygous sites is greatest in the urban regions, and greater 

on Upolu than on Savai’i. However, this pattern is eliminated when admixed samples are removed 

from the analysis, which results in SAV and NWU having the greatest heterozygosity (Table S3), 

and supports the idea that admixture greatly impacts heterozygosity patterns between census 

regions. Singleton variant patterns are similar to those seen across heterozygous sites, except 

that singleton patterns are relatively similar in admixed and non-admixed individuals (Table S4). 

Given the young age of singletons, this suggests that recent changes have led to Upolu having 

greater genetic diversity than Savai’i. This also indicates that Apia was the main population center 

of Samoa prior to European arrival, since the difference in singletons is not entirely driven by 

admixture. However, European admixture is still likely to be a contributor to this difference in 

genetic diversity, since the differences in singleton totals between regions is greater when 

admixed samples are included in the analysis. 
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Supplementary Tables and Figures: 

Table S1. Reference population sample size and general location from Lazaridis, et 
al. (11) and Pugach, et al. (12). All non-Oceanic populations are grouped into their 
main continental region. Polynesian and Polynesian Outliers are a sub-classification 
of the Austronesian ancestral source. 
Population Sample Size Country Ancestral Source 
African 309 NA NA 
Caucasus 52 NA NA 
CentralAsian/Siberian 244 NA NA 
East Asian 274 NA NA 
European 537 NA NA 
Middle Eastern 187 NA NA 
Native American 77 NA NA 
South Asian 262 NA NA 
Australian 2 Australia Australian 
Australian_WGA 5 Australia Australian 
Borneo 9 Indonesia Austronesian 
Semende 8 Indonesia Austronesian 
Buka 7 Papua New Guinea Austronesian 
Kove 8 Papua New Guinea Austronesian 
Lavongai 15 Papua New Guinea Austronesian 
Madak 8 Papua New Guinea Austronesian 
Mamusi 13 Papua New Guinea Austronesian 
Mamusi_Paleabu 5 Papua New Guinea Austronesian 
Mangseng 5 Papua New Guinea Austronesian 
Manus 2 Papua New Guinea Austronesian 
Melamela 6 Papua New Guinea Austronesian 
Mengen 9 Papua New Guinea Austronesian 
Mussau 10 Papua New Guinea Austronesian 
Nailik 7 Papua New Guinea Austronesian 
Nakanai_Bileki 5 Papua New Guinea Austronesian 
Nakanai_Loso 5 Papua New Guinea Austronesian 
Notsi 7 Papua New Guinea Austronesian 
Saposa 8 Papua New Guinea Austronesian 
Teop 7 Papua New Guinea Austronesian 
Tigak 7 Papua New Guinea Austronesian 
Tolai 18 Papua New Guinea Austronesian 
Mamanwa 9 Philippines Austronesian 
Mamanwa1 5 Philippines Austronesian 
Choiseul 7 Solomon Islands Austronesian 
Gela 6 Solomon Islands Austronesian 
Isabel 7 Solomon Islands Austronesian 
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Kolombangara 4 Solomon Islands Austronesian 
Makira 6 Solomon Islands Austronesian 
Malaita 6 Solomon Islands Austronesian 
Ranongga 6 Solomon Islands Austronesian 
Santa_Cruz 7 Solomon Islands Austronesian 
Ontong_Java 7 Solomon Islands Polynesian Outliers 
RenBel 7 Solomon Islands Polynesian Outliers 
Tikopia 6 Solomon Islands Polynesian Outliers 
Tongan 6 Tonga Polynesian 
Ata 7 Papua New Guinea Papuan 
Baining_Malasait 4 Papua New Guinea Papuan 
Baining_Marabu 8 Papua New Guinea Papuan 
Bougainville_South 2 Papua New Guinea Papuan 
Kol_New_Britain 2 Papua New Guinea Papuan 
Kuot_Kabil 5 Papua New Guinea Papuan 
Kuot_Lamalaua 4 Papua New Guinea Papuan 
Nasioi 10 Papua New Guinea Papuan 
New_Guinea 19 Papua New Guinea Papuan 
Papuan_1 14 Papua New Guinea Papuan 
Papuan_2 4 Papua New Guinea Papuan 
Papuan_Central 5 Papua New Guinea Papuan 
Papuan_Gulf 3 Papua New Guinea Papuan 
Sulka 14 Papua New Guinea Papuan 
Russell 3 Solomon Islands Papuan 
Savo 7 Solomon Islands Papuan 
Vella_Lavella 6 Solomon Islands Papuan 
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Table S2. D-statistic of the form D(Yoruba, Papuan Source, Han, Samoan) tests for the 
presence of Papuan admixture in Samoans from five different Papuan populations. 
Papuan Source D SE Z 
New_Guinea  0.0575 0.001782 32.284 
Papuan_2 0.0582 0.001897 30.668 
Papuan_1 0.0585 0.001768 33.081 
Baining Malasait 0.0617 0.001875 32.889 
Baining Marabu 0.0620 0.001869 33.160 
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Table S3. Average heterozygosity (Het.) per census region of all unrelated Samoans (ALL) and 
unrelated Samoans with 99% of their genome attributed to the Austronesian ADMIXTURE cluster 
(Filter), with standard error calculations (SE) and sample size. 
Census 
Region 

ALL 
Sample 
Size 

ALL Het. ALL SE Filter 
Sample 
Size 

Filter Het. Filter SE 

AUA 230 1,787,773.448 5,677.745 76 1,728,183.776 1,008.128 
NWU 285 1,768,880.326 3,081.174 102 1,730,624.500 993.036 
ROU 258 1,761,150.329 3,039.890 121 1,727,320.545 1,074.581 
SAV 196 1,751,132.362 2,984.276 120 1,728,266.267 13,38.879 
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Table S4. Average number of singletons (Sing.) per census region of all unrelated Samoans 
(ALL) and unrelated Samoans with 99% of their genome attributed to the Austronesian 
ADMIXTURE cluster (Filter), with standard error calculations (SE) and sample size. 
Census 
Region 

ALL 
Sample 
Size 

ALL Sing. ALL SE Filter 
Sample 
Size 

Filter Sing. Filter SE 

AUA 230 8,512.670 1,078.854 76 2,114.289 20.027 
NWU 285 5,616.568 299.840 102 2,081.618 17.468 
ROU 258 5,396.903 378.417 121 2,058.421 18.105 
SAV 196 4,139.189 336.662 120 1,938.675 23.526 
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Table S5. Samoan archaeological record and other historical events. The icons correspond to 
those in Figure 4 plus some additional time points of interest. 
Icon Event Date (years ago) 

 

Upolu island settled by people with Lapita pottery (13-
15). 

2,750-2,880 

 

Remaining islands sparsely settled by relatively isolated 
populations with plainware pottery (16-21). 

2,100-2,700 

 

Possible migration of population(s) into Samoa from the 
west, likely through the Micronesian Caroline islands 
(17). 

1,500-2,000 

 

Pottery disappears (22, 23). 1,000-1,500 

 

Tutuila volcanic activity including 20 cm thick ashfall on 
Tafuna plain (24, 25). 

1,300-1,400 
 
 
 

 

Inter-archipelago voyaging increases dramatically with 
Samoan basalt artifacts found across the central 
Pacific; East Polynesia colonized from Samoa and 
Tonga (19, 26, 27). 

800-1,000 

 

The fast rise of regionalized Samoan chiefdoms, Larger 
coastal villages, monumental stone/earth mounds, 
inland fortified settlements, landscape modifications 
including terraces and agricultural infrastructure 
originate. (23, 28). 

500-1,000 

 

Traditional history records Tongan incursions into 
Samoa, coeval with the developing Tongan Maritime 
chiefdom. 

850 

 

Arrival of missionaries and sustained contact with 
Europeans, population concentrated in coastal areas; 
periods of massive population decline caused by 
European disease. 

230 
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Figure S1. Map of islands in Near Oceania and Remote Oceania. 
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Figure S2. Map of the Samoan sampling locations with topographic and road information. Colors 

of each sampling site correspond to their census region (Urban regions: Apia Urban Area (AUA) 

and North West Upolu (NWU), and rural regions: Rest of Upolu (ROU) and Savai’i (SAV)), and 

the black lines represent the major roads. 
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Figure S3. Samoans are closely related to East Asian and Oceanic populations. Three 

dimensional PCA that displays PC1 on the X axis, PC2 on the Y axis, and PC3 on the Z axis. 

Samoans are represented by black points. OCE represents Oceanic samples, AMR represents 

Native American samples, EAS represents East Asian samples, CAS represents Central 

Asian/Siberian samples, SAS represents South Asian samples, EUR represents European 

samples, AFR represents African samples, MID represents Middle Eastern samples, and CAU 

represents Caucusus samples.   
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Figure S4. Samoans are most closely related to Tongans within Oceania. PC1 (X axis) and PC2 

(Y axis) from a PCA projection of Samoans with at least 99% of their genome attributed to the 

Austronesian ADMIXTURE cluster (Figure 1A).  
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Figure S5. ADMIXTURE sample reference populations. Here we present one example population 

representative of each major geographic region from the entire merged dataset (see STAR 

Methods). From right to left: African, European, South Asian, Native American, Central 

Asian/Siberian, East Asian, Papuan, and Austronesian. Each bar represents one individual and 

the colors correspond to each ancestral cluster, whose interpretation is below the plot. The 

magnitude of each cluster is the proportion of each individuals’ genome attributed to that cluster.  
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Figure S6. Weak population structure between islands identified through PCA. PC1 and PC2 of 

all individuals with at least 99% of their genome attributed to the Austronesian ADMIXTURE 

cluster (Figure 2A). Colors correspond to the individuals’ census region. P-values are those that 

were ≤ 0.05 from an ANOVA Tukey post-hoc analysis. The Cohen’s d estimated effect sizes for 

SAV-AUA, SAV-NWU, and SAV-ROU comparisons along PC1 are 0.7168478, 0.7463582, and 

0.8502464 respectively. 
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Figure S7. Strong population structure between islands identified with rare variants. Heatmap of 

the average Jaccard index (29) of F2 variant sharing within and between islands of all individuals 

with at least 99% of their genome attributed to the Austronesian ADMIXTURE cluster (Figure 2A). 

All values in the heatmap were multiplied by 10,000 for visualization.  
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Figure S8 Census region heatmap representation of rare variant sharing (left) and IBD segment 

sharing (right) with brackets that represents the pair of values whose difference has a P < 0.05 

calculated through permutations of census region labels. Rare variant sharing p-values < 0.05 

pertain to the following tests: ROU sharing with AUA and SAV, ROU sharing with AUA and NWU, 

and SAV sharing with AUA and ROU. IBD segment sharing p-values < 0.05 only pertain to ROU 

sharing with AUA and SAV.  
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Figure S9. Average non-Samoan cluster ADMIXTURE (30, 31) proportions for each Samoan 

census region. 
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